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the ground and revolves in a direction opposite to that 
of the wheels of the machine. It is, moreover, inclined 
with respect to the axis of the latter so as to throw the 
mud to one side, while gearing with clutches permits of 
instantly starting or stopping the brush. The other 
mechanism lifts the brush when it is no longer being 
used. The driver controls these two motions by means 
of two levers placed within his reach, and he can also 
regulate the pressure of the brush upon the ground by 
means of a movable counterpoise. 

The machine, as it is at present constructed, is 
drawn by a horse. The rotary motion of the brush is 
communicated by the axle, which revolves in bearings 
secured to a wrought-iron frame that carries all the 
mechanical parts. Two ratchets placed near the wheels 
control the revolution of the axle, but only when mov
ing forward, so that the machine can be turned 
about without any trouble, each wheel being capable of 
describing the path proper to it, and the actuating of 
the axle during the turning about being effected by 
the outside wheel. By means of a pair of bevel gears 
the motion is transmitted to an intermediate shaft 
parallel with the brush, and is then transmitted by 
this shaft to the brush itself through an endless chain 
passing over two sprockets. The sprinkling, or rather 
moistening arrangement, is particularly well worked 
out. It consists of a pipe provided with atomizipg 
orifices, fixed in front of the brush and parallel with 
it. It is from this pipe that the water, in the form of 
a fine spray or sort of mist, is projected against the 
ground. This water comes from a tank placed at the 
left of the driver. A small plunger pump sucks up the 
liquid and forces it into the sprinkling pipe under the 
pressure necessary for the atomization. 'The pump is 
actuated by a pinion that meshes with a gear on the 
intermediate shaft. A fine spray supervenes at the 
proper point, rendering sprinkling useless. The driver 
throws the pump into gear and the operation begins. 
Moreover, owing to a three-way valve, placed within 
the driver's reach, it is possible for him also, by send
ing the water from the pump to the tank instead of to 
the pipe, to arrest the sprinkling while the pump con
tinues in operation. 

In terminating this brief description it should be 
stated that M. Durey-Sohy has been able to make the 
motions of throwing the brush out of gear and of lift
ing it interdependent by means of a single lever, and 
with but a slight effort, so that the brush is always 
out of gear when it is raised and in gear when it is 
lowered. In this way, the wear of this somewhat costly 
part of the apparatus is prevented.-Translated from 
La Nature for the SCIENTIFIC AMERICAN SUPPLEMENT. 

FUNCTIONS OF TECHNICAL SCIENCE IN EDUCA
TION FOR BUSINESS AND THE PROFESSIONS.* 

By ROllEWl' H. TULHSTO!'i, Sibley College, Cornell 
University. 

. . . to write now the reforming of edncation • • . one of the 
greatest and noulest deeigns that can Le thonght on, and for the want 
whereof this nation perishes. "-Milton, Tractate. 

TUI£ most remarkable and impressive movement of 
a period which has been well named the "wonderful 
century," was one which, from early and feeble begin
nings, had been for generations slowly developing, and 
in rate of motion accelerating, until we to-day see it, 
in tremendous magnitude and power, affecting every 
deuartment of human life. This movement causes pro
gressive and cumulative changes in the methods and 
the products of the labors of the scholar and of the 
unskilled laborer, of the professional and of the me
chanic, of the agriculturist and of the merchant; it 
changes the views and the studies of the historian, 
of the philosopher and the psychologist, of the busi
ness man and of the educator. It is the advance of th'e 
scientific spirit and method into all the fields of human 
learning and exertion. Scientific method is now dom
inant in all branches of human life. 

This great change commenced with the earliest en
deavors of ,thoughtful men to acquire knowledge by 
(lirect appeal to nature and experience. It acquired 
impetus as the experimental method and the spirit of 
research began sensibly to enrich our stores of learn
ing and to yield their fine returns in the natural sci
ences. It assumed its firm grasp upon men's thought 
and controlled their work when invention and dis
covery and the upbuilding of new sciences impressed 
upon the minds of all sorts and conditions of men the 
fact that its methods were the only direct and sure 
ways to achievement. The methods are simple and 
even axiomatic in principle. 

Science, sci entia, is knowledge, and its significance 
became evident immediately it was seen that such an 
idea. is the opposite of speculation, that the determina
tion of a fact and its exact identification by suitable 
methods was the first step to further and exact knowl
edge of phenomena, and that this process and its re
sult, the discovery of the laws governing facts in se
quence, are the antipodes of the ancient method of 
primary appeal to the imagination, with later en

'
deavor 

to finrl evidence sustaining the fairy tale thus evoked 
from the inner consciousness. 

Wherever work is to be accomplished, the fact is the 
fi.rst requirement preliminary to action, and the con
trolling law is next to be discovered, in order that it, 
and every other agency of nature as well as of art 
may be directed to the furtherance of the purpos� 
held in view. The scientific method is as fundamental 
in education as in any other system of application of 
en ergy to useful result. A scientific training is an 
essential, a fundamental, element of all professional 
education, and systematic training, scientific train
ing, is the direct way toward profitable acquisition and 
most prompt and complete success. 

The scientific method is not restricted to the work 
of the distinctively so-called man of sdence. There 
is a scientific method in history, in the teaching of 
languages, in theology, or in philosophy, quite a s  defi- . 
nite as in mathematics, chemistry, or physics. There 
i, a scientific method of education and of pedagogy. 
In all cases it simply means the co-ordination of the 

* An address at the dedication of Engineering Hall, Iowa State Colleg-, 
May 22, 19m. 

two essentials, knowledge, exact and definite, and 
sound reasoning, the exact acquaintance of the teacher 
with the fact to be taught, a distinct recognition and 
formulation of the principles and laws behind the sys
tem of facts and phenomena, and systematization (]f 
all contemporary knowledge of the subject in such 
manner as to permit the presentation of all in 'con
cise form, in logical order and in perfect symmetry. 
There is even a "scientific method of advancement of 
science."* as of every other department of human 
knowledge, even of the spiritual in humanity itself. 

The mission of science, tlre,refore, in the broadest 
sense, is the promotion of all human knowledge and, 
through the extension (If learning and of culture, to 
give wisdqm and to offer opportunity for its exercise:t 
Its direct product is material advance in the industrial 
system, providing increasing comfort and leisure for 
the people, and through this improvement in the lives 
of men, giving opportunity for the development of the 
intellect, the affections and the soul. But its highest 
task, though not a more essential element of progress, 
is the promotion of the efficiency of all our methods of 
preparing our youth for the "future of their lives," 
as Paley says, "to perform justly, skillfully and mag
nanimously, all the offices, both private and public, 
of peace and war." as Milton puts it in his specifica
tions for a "complete and generous education." In 
every department such an education teaches first the 
facts, then the principles a'ld formulated law, and next 
the system, and finally all practicable applications and 
illustrations and, where physical manipulations are in
volved, as in the laboratories, in the gymnasium, in 
the military academy or in the applications of science 
in the industrial arts, the utilization by the practi
tioner of the system thus established. In abstract 
learning, the principles and the methods of science, 
as of philosophy, of history, of grammar and philology, 
are practically applied in the acquirement of further 
knowledge by the educator and the investigator, and 
in securing and in maintaining full possession of that 
learning by the scholar.:\: 

A" "technical education" must be defined before it 
can be intelligently discussed, and in this discussion 
it will be understood that by a technical education is 
meant one that will most effectively prepare the in
divid ual to become competent, after experience has 
had its ripening effect, "to perform justly, skillfully, 
and magnanimously, all the offices" appertaining to 
his vocation. His business in life may be commerce 
or a profession, trade or transportation, education or 
theology; in each and all, there is a certain essential 
foundation of exact knowledge, a certain system of 
principles assuring stability and characteristic form, 
and another desirable but less absolutely essential 
quantity of accessory and incidental information and 
general education and "culture," which is needed to 
give the man that finish and perfection of fitting for 
the intercourse of man with man which, while not vo
cational or professional, is none the less an element 
of real and highest success. 

Proceeding to consider the circumstances which 
determine the form and extent of the technical educa
tion oJ the citizen, the relation of such education to 
the whole system of preparation by special training 
for life's special work, it is first necessary to agree 
upon a definition of the terms technics, teChnical, tech
nological. The Greek, from which the terms origin
ally come, in the primary and the broadest sense re
gards these terms as relating to the arts, both esthetic 
and industrial, and the technique of the artist, of the 
musiCian, of the watchmaker and of the steam-engine 
builder, in each case, infers special talent or special 
acts appropriate particularly to the art. Technical ed
ucation, therefore, is a system of instruction devoted 
to the development of a knowledge of an art, as, for 
example, taught in a school of music, of law or med
icine, of engineering, of theology, or of any industrial 
department. 

Huxley says: Technical ed uca tion "means that sort 
of education which is specially adapted to the needs 
of men whose business in life it is to pursue some 
kind of handicraft;" but this definition is obviously 
narrow. Technical education is admitted to include 
engineering, for example, which demands a most ex
tensive and most intense preparation, and involves as 
large an amount o� learning, especially in both pure 
and applied sCience, as any other vocation-as much 
as is demanded in the other �chools of the "learned 
professions," once distinctively so called. The tech
nical educations include all the educations which fit 
the man for "the sequel of his life," as a member 
of a working community. But any business career is 
chosen as a means to an end, and that end should al
ways be the attainment of a competence to insure com
fort in old age, and meantime a comforta'ble life from 
youth to age, and the privilege of seizing all oppor
tunities for moral and intellectual growth and for 
bec.oming of some use in the world. The business ed
ucation must, therefore, be accompanied by a general 
education such as will do most to fit the scholar for 
his place in the social world, and to take advantage 
of those opportunities which come to all energetic 
men and women in a country such as ours. 

Fortunately, these requirements do not usually con
flict or result in inefficiency of either branch of work. 
The opportunities which are opened to the average citi
zen, or to genius. even, in this country, apart from 
those of the vocation, may be usually seized by any 

. one having the requisite intelligence, ambition, and 
vigor, if possessed of a good common-school education. 
If such a person needs more, his common-school train
ing will have set him at the beginning of the path, 
at least, and will have fitted him to move forward, not 
as easily and rapidly as if under expert instruction, but, 
as experience has shown in many cases, so as to at
tain the object of the ambition of the moment. For
tunately, also, whatever the ultimate aim, the begin
nings of education must be' those which supply the 

* " The Scientific Method of Science Advancement.," v ice.president's 
address, American Association for the Advancement of Science, St. Louis 
meeting, 1878, R. H. Thorston. 

t " The Mi?sinn of SCience," vice.president's address American ASElo
dation for the Advancement of Science, Philadelphia m�eting, 1884, R. n. 
Thnr.ton. 

t "The Miltonian Teachinit." An address deliverer! at Pratt Institnte, 
Brooklyn, December 11, 1894. 
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tools with which to cons [ruct a career. The education 
of the primary, and, in large part, of the secondary, 
school is a preparation for the whole sequence of life, 
whatever that sequence may become. The arts of read
ing, writing and computation underlie all arts and all 
vocations and professions. The languages are the en
trance ways to all the literatures. All persons, what
ever their aims, must begin by learning the curricu
lum of the primary school and must usually go on 
through that of the secondary school. This is, neces
sarily, all of the nature of education, as distinguished 
from technical training. Technical science can not 
be taught effectively, even where essential to the plans 
and the future of the individual, until a considerable 
amount of general knowledge has been acquired and 
the beginnings, at least, of a liberal education sup
plied. The beginnings being thus acquired, the am
bitious man or woman will find ways of supplementing 
it; the unambitious will forget what has been already 
gained. 

The place for the beginnings in the teaching of tech
niral science, applied science, science in its applica
tions to business, is evidently at the point where the 
scholar commences his formal preparation for a busi
ness life. Yet it is generally the fact that something 
should be done in this direction in advance of the 
actual beginning of the business-school work. There 
is a certain amount of scientific instruction and some
thing of technical, or applied, science needed by all, 
whether the future is to be a life of scholarly leisure 
or one of strenuous endeavor in whatever department 
of industry. Such sciences are, for example, physics 
and chemistry. These should be taught in the gen
eral course, irrespective of the plans of the scholar 
for the future of his life. Certain sciences, also-bot
any, for example-have interest for all and are essen
tial parts of the education of the man whose vocation 
is to be that of the scholar, as well as of the technical 
training of the naturalist. These classes of subjects 
are, or should be, taught as electives when the cur
riculum becomes easy of enlargement in that manner, 
after the pressure for necessary primary instruction 
has been relieved. Thus, through all the earlier 
stages of the education of the citizen, the curriculum 
is mainly a fixed one, given form by necessity. Time 
must be devoted to those studies which the child first 
and most nee,ds as preliminary to all the later educa
tion and life. As these are acquired, opportunity grad
ually reveals itself for the introduction of special and 
elective courses to be distributed to the pupils in com
pliance with the demands of their prospective busi
ness lives. 

At the beginning of this latter period, the place 
of technical education and of the teaching of technical 
science comes into view. As the pupil becomes older 
and his plans for life more definite, the extent and 
character of the technical science to be taught him 
become more obvious and more completely known. 
But the desirable course is now to transfer him to the 
school of his trade, or to that which most nearly sup
plies its place, where expert instruction in every de
partment may contribute with maximum efficiency to 
the proposed end. If the "business" to be pursued 
is commercial, it would seem that the youth should 
remain in the academic schools just as long as time and 
money and natural capacity permit, and then he should 
take up the work of the business or the commercial 
school. The sciences taught, meantime, in the aca
demic public schools should evidently usually be those 
which may fairly be assigned to a general course, as 
being valuable to all citizens. Specialization implied 
by technical science should be deferred as long as 
practicable. 

When the vocation or the profession is finally chos
en, the pupil will demand preparation for the tech
nical or the professional school, and, where the demanc) 
is sufficiently large to justify it, special arrangements, 
if necessary, should be made for meeting its require
ments. This may mean the establishment of electives 
for pupils preparing for the academic college, the law
school or the school of engineering. It may mean 
some substitution of scientific for the usual educational 
courses where the' latter may be safely thus displaced. 
Those requirements determine the nature and extent of 
the scientific and of the technical instruction to be 
introduced. Where the pupil is to go directly into 
business and his precise line of work is not settled, 
or where it is evident that he is of that class, large 
in this country, liable to pass from one vocation to an
other, the technical sciences of the curriculum should 
be, in general, the mathematics and the sciences of 
physics and, particularly, of chemistry. The constant 
endeavor of our school boards and committees to 
crowd the whole pantology of an extensive liberal ed
ucation into a common-school system can neve·r succeed, 
and the attempt only embarrasses and renders ineffi
cient the work actually squeezed in. If the school is 
large enough, as often in the cities, it may be practi
cable to arrange a system of electives, as is done in 
the colleges, wherever it appears that a sufficient num
ber may be· .classed together to compensate the spe
cialist to be employed as teacher. In smaller schools 
this course is usually impracticable. 

Education for a vocation being the leading object 
of any school, its curriculum properly involves mainly 
those subjects which contribute especially and directly 
to, and are .essential to, its purpose. General educa
tion has no place, as such, here, and the student should 
clearly understand that his education, in the orr!inary 
sense of the term, should be obtained, and as fully anc) 
as liberally as practicable, elsewhere, and usually pre
viously to taking up the scholastic apprenticeship. The 
curriculum of the school should include the essenVgl 
studies, the sciences and the technical information r�
garding materials and products, processes and appar
atus, which contribute to accurate and efficient work 
and to economical production. There is always a cer
tain sequence which is entirely logical and which set
tles all questions of order in taking up the various sub
jects, and this problem is usually non-existent in the 
technical school. Thus the mathematics must be tak
en in a fixed order; the applied science must follow the 
study of the pure science; and physical and chemical 
and mechanical work must be given after the mathe
matics have been more or less completely mastered; 
for, in the technical school, these sciences are quanti-
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tativp and involve mathematical proee'sses, In this as
signment there is no question of the place of these 
sciences in the work, as the object to be attained fixes 
all requirements. 

The sciences are all, ultimately and necessarily, 
taught as applied sciences, There is no time and no 
needless expenditure can be made, for the acquisition 
of abstract lmowledge y-hen so much is to be learned 
which is to be utilized directly, It is thus essential 
to complete success that the teacher be entirely fam
iliar, as an expert, with the applied science, Experi
ence shows that, in the engineering colleges and 
schools, thoroughly satisfactory work in the sciences 
is best insured by the selection, as teachers, of talent
ed and interested scientific men who have given suffi
cient time to the business for which it is proposed to 
fit the student to become practically familiar with it 
and with its applications of his science, The pure 
science� are as necessarily also best taught by experts, 
and this means those who have specialized in the sci
ences commonly taught in the academic departments 
of our schools and colleges, In fact, the rule that teach
ing should not be permitted to amateurs, in any branch 
lea

.
st of all in technical departments, should be mad� 

un iversaL 
'The curriculum should be as obviously constructed 

by experts in the business to which the school acts as 
feeder, Only the expert in the business can say what 
branches of instruction properly constitute the tech
nical plan of instruction, The determination of the 
character and extent of the technical work in turn 
�ettles �he question, What sciences and what general 
lllstruchon must be supplied as a basis for the tech
nical work? The form of the whole scheme of instruc
tion being thus completely fixed, the details should be 
assigned ,t? specialists, so far as practicable; each 
to be famlltar as an expert with the work demanded of 
him, 

Every business, even purely commercial involves 
some connection with the producing indus

'
tries and 

the commercial man should evidently, in each ' case 
have sufficient familiarity with the industry to be abl� 
to buy and sell intelligently and to discuss details in
volving financial interests with his correspondent 

It woul� seem that, in the individual case, only the 
stud�nt himself can say precisely what kind and ap
proximately what extent of scientific and technical in
struction is required of him, The technical school 
shoul� be prepar�d to ,?eet the demands of as large 
a vanety of busllless lllterests as practicable after 
sufficient experience has been had to permit d�cision, 
Probably some knowledge of mathematics chemistry 
and physics will prove useful to alL Thos� intending 
to go into lines of business connected with the iron 
and steel industries will demand some instruction in 
the chemistry of metallurgy; those expecting to deal 
in products of the machine-making arts will need in
struction in applied mechanics and machine-design; 
those about to enter upon commercial work relating to 
transportation will need some knowledge of the prin
ciples of conduct of shipment and construction of in
voices, 

The whole case, so far as relates to curriculum build
ing, may be put in a few words, thus: T'he practitioner 
in the vocation, professional or other, for which edu
cational apprenticeship is to be provided, should decide 
what sort and how much technical instruction is 
needed at entrance into that branch of industry, This 
sched ule of required work should be assigned to ex
perts _in each of its divisions, to those who have prac
tical and expert knowledge of the business, The re
quirements being thus ascertained, the next step is to 
provide for such studies and such tuition as are need
ed to prepare the student for beginning the prescribed 
studies, These being introduced, the next lower stra
tum of subjects is laid out as introductory to the pre
ceding, and this process is continued until a curricu
lum is constructed which, leading up out of the com
mon schools, terminates at its superior limit at that 
point at which the diploma of the technical school or 
college becomes a sufficient guarantee of satisfactory 
preparations to enter the business and to perfect the 
professional education by the regular practice of the 
vocation chosen, 

The final form and extent of this curriculum must 
necessarily be determined by experience, and the pre
liminary outline must be accepted as provisionaL The 
curriculum will be subject to constant change, am
plification and improvement in detail, as time and the 
forward progress of the profession or the business 
permits or compels, and thus the adjustment of the 
vvork to the requirements becomes more and more 
perfect, Ultimately, the practitioner will find that 
the institution is doing all that can be fairly asked 
of it, and the novice entering into business will find 
himself as well outfitted as is possible in the time and 
at the expense permissible, and the youth proposing 
to take up the line of work in view will find his prog
ress out of the common school into the business school 
or college, and out of the latter into business a 
smooth and continuous and clearly defined movem�nt, 
01:ee in business, thus prepared, his success will de
pend upon his own talent, industry, tact, and judg
ment, 

This development of our system of general educa
tion is the great work of our day and generation, The 
wisdom of our statesmen as well as of our educators 
is to be tested, and is being measured by the prompt
ness and effectiveness with which they adapt their own 
ideas, and fit the educational system, to the require
ments of a modern industrial organization, When they 
stolidly follow the wayS of the ancients, modern life 
fiows past them, Modern educations illustrate the 
wisdom, the learning, the knowledge and the culture 
of later centuries 'The wonderful gains of the nine
teenth century, particularly, are being supplemented 
by those who have the wisdom of great statesmen, the 
learning of modern times, the knowledge which sci
ence supplies and the cultUre which comes of a sym
metrical education in all the arts, the sciences, the lit
eratures and the philosophies of our own time, so far 
as it has been permitted to incorporate them into 
school and college curriculums, The extraordinary 
'sork of the German empire had its origin, in fact, with 
statesmen who, without being themselves familiar with 
the scientific curriculum, were wise enough to under-

stand its fundamental importance and to know its 
place in the modern educations and the social system. 

The nineteenth century has been called the wonder
ful century; but the world has, since the commence
ment of the seventeenth century, at least, been pro
gressing with swift acceleration, and each century 
has been wonderful and each more wonderful than the 
last, to the contemporary looker-on, The twentieth 
century is probably to be more wonderful than the 
nineteenth, not perhaps in the fact of its seeing the 
inauguration of a new era in science and the arts, that 
is a wonder, unique and probably without precedent 
or later rival; but it will no doubt bring its share of 
new wonders and of new achievement, opening new 
realms of nature, utilizing new forces and energies, 
and availing itself of the old in new and unanticipated 
and marvelous ways, New elements and new com
pounds are to be discovered having more remarkable 
and more useful properties than the old; new meth
ods of manifestation of that protean power which we 
call energy will be observed and utilized in forward
ing the tasks of the engineer and strange and mys
terious phenomena now puzzling all philosophers, "nat
ural" or other, will find interpretation and applica
tion to good works for the benefit of mankind, 

In all this the young men now coming into their 
opportunities, and their successors of the next genera
tions, will have their part and find their opportunity, 
The progress of the world is still an acceleration, and 
the gain and the opportunity acquire magnitude as a 
rapidly increasing function of the elapsing time, The 
work of the educator assumes constantly higher valul') 
and greater importance and commands more respect 
and larger distinction, The place of the engineer in 
the world, lofty as it has been in earlier days, when 
Archimedes and Leonardo and Watt and Fulton and 
Morse pointed the way to advancement through the 
nnion of the sciences and the arts, and high as it is 
to-day, when its apprentices are coming forward with 
the learning of the centuries at their command and 
the skill of the modern mechanic and inventor and 
the productive power of all modern machinery at 
their will; it must grow with'the advances of the new 
industrial world until it shall become one which old
world, old-time kings may well, and in vain, aspire to 
hold, The engineer must be the general of the indus
trial army and in his hands be held the fortunes of 
nations, Those who to-day witness the foundation or 
the dedication of a noble structure, appropriated to the 
work of contributing to the education and the profes
sional training and apprenticeship of the young en
gineer, are witnesses of an event contributing to the 
highest welfare of the race, Those so fortunate as to 
be of the generation entering upon this work with 
the commencement of the new century have the splen
did privilege of taking just as large a part in the 
growing opportunity of the engineer and his army as 
their wisdom, talent, ambition, and energy may permit 
them to assume, The man, to-day, who has the wit to 
recognize opportunity and the skill and ability to take 
advantage of it may fairly expect to go as far and to 
rise as high as he may choose-always provided he 
maintains himself in a condition of mental and moral 
and physical efficiency, For he must make himself 
a part of the great machine and keep time with its 
march, and maintain what I ani accustomed to call 
"maximum commercial efficiency," 

Perhaps, in this day and generation, nothing can 
more effectively contribute to the weal of the nation 
than the institution of efficient means of promotion 
of the work of the engineer and of hi s prcfession, As 
chief of the industrial army of producers of permanent 
wealth, his wisdom, his knowledge, his culture, and 
his professional efficiency, as derived by the application 
of talent and wisdom to the improvement of the ap
paratus and the methods of production, constitute the 
primary elements of material progress and, through 
material gain, of the advancement of the nation and of 
the race, 

The progress of the state, in all directions, is largely 
influenced by the statesmanship of the people of the 
state, through the legislation of the representatives 
of the people in investing available capital in the cul
tivation of the applied scien�es and the encouragement 
of the, universality, the continuity, and the efficiency 
of the industrial system, A people which is thus 
made in maximum degree industrious, skillful, fruit
ful, through the exercise of every talent in the most 
diversified employments, and capable of thus making 
the industries in highest degree effective in supplying 
all the needs of the most enlightened community, at
tains most promptly and completely the highest posi
tion in the scale of civilization, 

This end can only be secured by systematic and thor
ough education, not only in the departments of culture, 
but also of economic production, including, it should 
be understood, apprenticeship in the professions and 
the trades, In no department is this more essential 
than in engineering, where the sciences of mathema
tics, of physics and chemistry and of construction 
find their most important uses, and where a perfected 
economic system must find its directing minds, 

This is also quite as true whe,re the interests of the 
agricultural classes are involved, This intimate rela
tion of engineering ftnd agriculture comes of two prin
cipal requirements, First: The energies and the skill 
and the talents of the people should be so applied in 
agriculture that the energy of that industry shall be 
in minimum proportion given to that form of pro
duction which directs its powers toward the provision 
of articles for necessary but, nevertheless, in an eco
nomic sense, wasteful expenditure, The products of 
agriculture are intended to be destroyed, and the less 
this production of ephemeral forms of product com
pels a diversion into the work of providing the needed 
food-products, the larger the proportion of the pro
ducing power of the nation to be directed toward the 
production of permanent forms of wealth, Secondly: 
The more efficient this thus increased proportion of the 
producing power of a people can be made, the l arger 
the accumulation and the more rapid the growth of 
wealth in the community, in its most permanent forms, 

Already agriculture is a branch of mechanical en-
gineering, 

(To be continued.) 
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ANGLO-SAXON MEDICINE,* 
By JOSEPH FRANK PAYNE, M.D,Oxon. 

BESlDES their native herbal medicines and the more 
scientific therapeutics and pathology which they had 
borrowed from the Greeks the Anglo-Saxons made a 
large use of charms and what are called magical rites 
in the treatment of disease, It would be a mistake 
to suppose, as is sometimes thought, that this was their 
only or chief method of treatment or that it was in any 
way peculiar to the Anglo-Saxons. A great deal of 
it was taken from the later Greek and Latin medical 
writers who show a credulity and superstition quite 
equal to that of the Anglo-Saxons. Again, the magical 
and supers titious medicine lasted much longer than 
the Anglo-Saxon period. It went on all through the 
Middle Ages up to recent times and is not extinct even 
at the present day. But it is by no means characteris
tic of our own country, Indeed, the numerous collec
tions of "folk-l .ore," or what is called "folk medicine," 
from the peasantry of continental countries show that 
these ancient superstitions are more prevalent and 
more inveterate among them than they are among our 
own people, What is most remarkable is not only that 
the same general beliefs have survived but that the 
very same forms of words have in many cases been 
preserved for centuries and may be even now recited 
in certain places, 

It is very difficult to define precisely what is meant 
by magical medicine or what by charms. But, broad
ly, they imply a belief in some supernatural efficacy 
belonging to verbal formulffi, recited or written, in 
special circumstances or with reference to special 
objects. Originally it would seem that this belief im
plied also the belief in spirits, demons, or some super
natural beings who could be either conciliated or co
erced by the use of certain words. The belief in super
natural personages gradually waned and in the case we 
are now considering heathen or mystical. conjurations 
were to a large extent replaced by Christian prayers 
and benedictions, while the occult rites of unknown 
origin were superseded by the services of the church. 

Without pretending to a coP'plete classification the 
various magical processes and charms may be brought 
under the following heads: 1, Prayers or invocations 
addressed to medicinal herbs or to supernl,ltural beings 
supposed to have power over them, 2. Special verbal 
formulffi or observances employerl in collecting the 
medicinal herbs or other natural remedies. 3. Prayers 
and mystical words repeated over the patient or writ
ten and applied to some parts of his body, with or 
without ordinary remedies. Such words are very 
often in a foreign tongue unknown to those who use 
them, such as Latin among the barbarous or unedu
cated, Greek or Hebrew among the Latins, and so on, 
sometimes in a quite unknown language, which have 
been called Ephesian charms, But they may also be 
in the vernacular. 4, Direct conjurations or exorcisms 
addressed to diseases as if they were evil spirits. 5. 
Narrative charms-that is, trivial stories relating to 
sacred or legendary persons who suffered from or did 
something analogous to what the patient is suffering 
from. 6. Material magic-that is, the attribution of 
magical power 70 certain objects, such as plants or 
parts of animals, stones, or engraved gems called amu
lets, these objects being not used medicinally but ap
plied in some way to the patient's body, 7. Transfer· 
ence of disease by a magical formula or ceremony, to 
some animal or material object or in some way to the 
outside world. Examples of all these can be found in 
older medical literature as well as in the Angl o-Saxon 
books and also throughout succeeding centuries. 

'The actual origin of these beliefs and practices is 
extremely obscure and cannot here be considered, 
Doubtless there was an element of traditional popular 
belief in each particular country and also, as regards 
European medicine, an introduction of Oriental super
stitions, But they formed no part of the regular 
cl.assical medicine of the Greeks and Romans till the 
period of its decline. Hippocrates, Galen, Aretffius, 
and Celsus are entirely free from such superstitions, 
The first Greek medical writer of any repute who intro
duced the incantations into the practice of medicine 
was Alexander Trallianus, who has been already re
ferred to as having been a great authority with the 
Anglo-Saxon leeches. Alexander has been blamed, and 
justly, for thus lowering the character of Greek medi
cine, He was, however, followed in this by later Greek 
physicians and by those late Latin writers to whom the 
Anglo-Saxons were much indebted, The Latin work of 
Marcellus Empiricus, older than Alexander, which ap
pears to be partly founded on Roman popular medicine 
or folk-lore, was the great repertory of superstitious 
rites and formulffi, 

On examining the Anglo-Saxon charms a consider
able number are found to be directly taken from, or 
founded on, passages in the late Latin writers; a few 
are suggestive of passages in the Greek physicians. 
From all these sources it is easy to find examples of 
the various kinds of magical medicine above spoken of. 

1. The invocation of herbs is found in Alexander 
Trallianus. For instance, he recommends as a remedy 
for gout that the sacred herb hyoscyamus, or hen
bane, should be dug up with certain precautions and 
addressed as follows: "Sacred Herb! I summon thee 
to the house [of my patient] to stop the rheum of 
his feet," etc.; "I conjure thee by the great name Jaoth 
Sabaoth." The Anglo-Saxons did not use prayers ad
dressed to the herbs themselves, as benedictions and 
Christian prayers addressed to God or the saints were 
often substituted. But there are instances ot certain' 
formulffi of conjuration. For instance, the herb mug
wort (artemisia) had the reputation of preventing a 
man who carried it with him from getting tired on a 
journey. But it was to' be gathered before sunrise 
with these words: "Tallant te, Artentisia, ne lassus 
sim. in via." 

2. Special words and mysterious rites were often 
made use of in gathering medicinal herbs to give them 
special virtue. The formulffi used by the Greeks and 
Romans bping generallv heathenish, the Anglo-Saxons 
often substituted Christian prayers. For instance, for 
gathering celandine the directions are: "Delve round 
the root and take it up with thy two hands turned up-

* Abstract of the :FitzPatrick Lecture. 


	scientificamerican10241903-23250supp_Page_1
	scientificamerican10241903-23250supp_Page_2

